A study was conducted to evaluate the effect of a deficiency in dietary crude protein intake on postpartum reproductive performance of first-calf beef cows. Forty primigravid Hereford heifers were randomly assigned to two groups that were fed isocaloric (100% NRC requirements) diets containing .96 (adequate) or .32 (deficient) kg crude protein per head daily. Animals were individually fed from 150 d prepartum to 40 d postpartum and then were group-fed until the end of the experiment at 110 d postpartum. Total nutrient intake was increased by 33% at time of parturition to meet lactation requirements. Animals were artificially inseminated between 45 and 110 d postpartum when they showed estrus. Eightynine percent of those fed adequate protein showed estrus, whereas only 63% of proteinrestricted heifers exhibited estrus (P < .05). First-service conception (P < .05; 71 vs 25%) and overall pregnancy rates (P < .05; 74 vs 32%) were lower in protein-restricted heifers. Compared with those fed adequately, protein-restricted heifers had a tendency for longer intervals to first cstrus (P < .08; 75 vs 86 d), to first service (P < .09; 76 vs 87 d) and to conception (P < .09; 81 vs 92 d). Regardless of diet, weight at first estrus, weight at first service and average daily gain to 40 d postpartum were negatively correlated (P < .01) with length of intervals from parturition to first estrus and first service. These data show that reduced protein intake increased the postpartum interval to first estrus, to first service and to conception and decreased the number of animals that showed estrus and conceived.
Introduction
Many cattle in the western U.S. graze dry range forages in late fall and early winter and are fed grass hay during the winter and early spring. Such diets are low in crude protein (Bull et al., 1974) . A considerable amount of the preand post-partum period usually is within this timespan of low crude protein intake. No definitive studies have examined the effect of low crude protein intake on postpartum reproductive response of cattle. In a longitudinal z Idaho Agric. Exp. Sta. Publ. No. 8144 . This research was supported by the Idaho Agric. Exp. Sta. and USDA Animal Health Formula Funds.
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a Dept. of Anita. Sci. Received October 13, 1987 . Accepted March 25, 1988 study on heifers from the prepuberal period to the postpartum period, Wiltbank et al. (1965) showed that reduced energy intake would severely restrict postpartum reproductive response, whereas protein restriction would have minimal effect. Similar results were reported by Zimmerman et al. (1961) and Davis et al. (1977) . In contrast, Witt et al. (1958) suggested that protein restriction would delay postpartum reproductive response. The objective of this study was to determine the effect of pre-and post-partum deficiency of crude protein intake on postpartum reproductive performance of individually fed primiparous beef cows.
Materials and Methods
Forty primigravid Hereford heifers, with known breeding dates, were randomly assigned to two dietary groups (Table 1) were isocaloric and provided 100% NRC energy requirements (NRS, 1976) . Cows were fed individually away from calves until 40 d postpartum and then were group-fed, with calves, their assigned diets until 110 d postpartum.
Calves remained with cows, except as noted above at feeding time, and daily feed allowance was increased by 33% at parturition to meet lactation requirements. One animal in the deficient group aborted, and one cow in the adequate group lost a calf because of dystocia. Both cows were removed from the study at the time of each event.
The ovaries and uteri of cows were palpated twice weekly from 14 through 40 d postpartum to determine the time of uterine involution and presence of first palpable ovarian follicles (usually 4 mm or greater in diameter). Animals were observed twice daily from 12 through 110 d postpartum for signs of estrus. Estrus detection was aided by a testosterone-treated heifer fitted with a chinball marking harness.
Animals were artificially inseminated at each estrus during the period of 45 to 110 d postpartum. One of two experienced technicians inseminated each heifer with frozen semen obtained from a single collection. Pregnancy was determined by rectal palpation between 35 and 55 d after the last insemination for each COW. All cows were weighed at 150, 112 and 56 d preparturrL Postpartum weights were taken within 1 h following parturition, at 40 d postpartum and at each estrus. Calves were weighed at birth and at 60 and 150 d of age. Calving difficulty scores were obtained based on a subjective scoring system. The scores were: 1, natural delivery; 2, hand assistance; 3, easy mechanical assistance; 4, difficult mechanical assistance; and 5, Caesarean section.
Data were analyzed by least squares analysis of variance for the effect of treatment on cow and calf body weight, cow weight gain, and intervals to various (Table 2) Simple correlation coefficients, ignoring treatment effects, were used to determine relationships among body weight, weight gain and reproductive performance. In addition, chi square analysis was used to determine differences in number of animals in each group that showed estrus, were bred and conceived.
Results

Reproductive Performance
The time interval from parturition to presence of the first palpable ovarian follicle (greater than .5 cm in size) and uterine involution was similar for each group (P > .1; Table 2 ). Neither aThe numerators are the total responding, and the denominators are the total in the analysis. The first two rows of data were collected from 14 to 40 d; the rest were collected until 110 d postpartum.
b'CRatios in the same row differ (chi square, P < .05).
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f'gvalues for days in the same row differ (P < .09).
of these intervals was correlated (P > .1) with the length of the intervals to first estrus, first service or establishment of pregnancy. Considering only those exhibiting estrus or becoming pregnant, animals fed the diet deficient in crude protein tended to have longer intervals from parturition to first estrus (P < .08), first-service pregnancy (P < .09), all-service pregnancy (P < .08) and overall pregnancy rate (P < .09; Table 2 ). Between the adequate and deficient groups, respectively, the number of animals that showed estrus (89 vs 63%), were pregnant after first service (71 vs 25%) and were pregnant to all services (82 vs 50%) during the breeding period differed (P < .05, chi square), as did overall pregnancy rate between groups (74 vs 32%) by 110 d postpartum.
Weight Cbanges
In the statistical analysis the interactions were not significant between protein consumption of the cow and with cow weights at parturition or 40 d after parturition of those cows exhibiting estrus or pregnancy. Therefore, the data are presented as the main effects of cow weight on treatment and appropriate reproductive response (Table 3) . Initial body weights at 150 d preparturn were similar for animals in both treatment groups, but animals fed the protein-deficient diet weighed less than those fed adequate protein at 112 (P < .05) and 56 (P < .1) d prepartum and at parturition (P < .01). Weights remained different at 40 d postpartum (P < .01) and tended to be different at first estrus (P < .1) and to first service (P < .1). However, weights at pregnancy establishment were similar for the two groups.
Animals on the diet deficient in protein had a higher (P < .01) average daily weight loss than those on the adequate diet during the150-d prepartum period (Table 3) . Average daily gains from parturition to 40 d postpartum (negative ADG), first estrus, first service and pregnancy were similar for the two groups, although animals on the protein-deficient diet tended to lose or gain weight at a faster rate than the control animals during these intervals. The protein-deficient heifers gained a greater percentage of their parturition weight before time of first estrus (P < .01), first service (P < .01) and pregnancy (P < .05) than did the adequately fed animals C'dRow values with different superscripts differ (P < .1).
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( Table 3 ) because these events were delayed by the protein deficiency. Weights of the calves of either sex at birth were not affected by the maternal diet (P > . 1), although calves from dams fed a protein-deficient diet weighed 3 kg less than those from dams fed adequate protein. Calves from dams fed adequate protein also tended to be heavier than calves from protein-deficient dams at 2 mo of age and at 105 d. Calving difficulty scores were similar (P > .1) for both treatment groups.
Simple correlations between postpartum interval and body weights or ADG were negative in all cases (Table 4) . These data were analyzed without regard to diet. Thus, the lighter the animal or the lower the ADG, the longer the postpartum interval. The highest number of significant correlations were with body weight, with the largest negative correlation between interval to first estrus and weight at 40 d postpartum (r = -.63). This was followed, within the interval to first estrus, sequentially, by weight at first service, pregnancy, first estrus and, finally, weight at parturition. A similar ranking of correlations occurred between these weights and postpartum intervals to first service. This was expected, because date of first service and of first estrus were usually identical; few cows showed heat before 45 d postpartum, which was the earliest that any were bred. Only three weights, body weight at 40 d postpartum, first estrus and first service, were correlated with postpartum interval to conception. Again, the highest correlation was with weight at 40 d postpartum.
Only three significant correlations were found between postpartum interval and average daily gain (Table 4) . These correlations were between ADG from parturition to 40 d postpartum and intervals to either 1) first estrus or to 2) first service and a correlation between ADG from parturition to first estrus and interval to first estrus and interval to first service. Prepartum weights at 150 d (Table 4) and at 112 d and 56 d (data not shown) and ADG between each of these dates to parturition were not correlated with the various postpartum intervals.
Discussion
Reproductive Performance
Diet had no effect on number of cows that had palpable follicle by 40 d postpartum. Also, the time that these follicles were first palpable was not affected by the diet of the cow. Similar times were noted previously for low-energy diets (Spitzer and Vincent, 1978) . However, Hill et al. (1970) found that either low energy or low protein reduced ovarian follicular activity. The diet also had no effect on the number of cows with involuted uteri by 40 d or on the date of involution.
Not only did the low crude protein diet reduce the number of cows that showed estrus by 110 d postpartum, hut it also delayed estrus by 11 d in those that did exhibit estrus. This effect also has been observed for diets low in energy (Dunn et al., 1969; Bellows and Short, 1978; Williams, 1980; Bellows et al., 1982) . A diet deficient in both energy and protein also increased the postpartum interval (Rutter and Randel, 1984) . The current study is the first to show this effect of low protein when energy was adequate. It is possible that prolonged dietary protein restriction resulted in reduced nutrient digestion (Elam et al., 1958) or in partitioning of body nutrients and thus a secondary energy deficiency.
Few cows showed first estrus before the breeding period (40 d postpartum) ; therefore, the mean interval from parturition to first service is similar to that to first estrus. The deficient diet not only reduced the occurrence of estrus, but it also delayed estrus and reduced the pregnancy rate of those that showed estrus. This may have been due to 1) production of abbormal ova, 2) a less favorable uterine environment (Ruder et al., 1981) , 3) insufficient response of ovaries to gonadotropins (Jordan and Swanson, 1979) and(or) 4) reduced gonadotropin secretion (CambeU et al., 1977; Rutter and Randel, 1984; Imakawa et al., 1986) .
Body Weight and Weight Gains
Body weight and weight change were adversely affected by protein deprivation during both the prepartum and postpartum periods. Cows fed adequately, within 1 h after parturition , weighed the same as they did 150 d prepartum, whereas those on the protein-deficient diet lost 20 kg. Cows in both groups continued to lose weight until 40 d postpartum; with those on the deficient diet tending to lose more weight. Both groups then gained weight until pregnancy was established, at which time pregnant, protein-deprived heifers weighed the same as heifers fed adequately. To reach this weight required 11 d longer for the protein-deprived heifers. Imakawa et al. (1986) have shown that LH pulse frequency and amplitude and mean LH were highly correlated with weight change in heifers. This would suggest that heifers in this study that gained more weight would have greater gonadal stimulation and would ovulate sooner. The fact that lower-weight heifers had greater weight gains but still showed estrus at a set weight suggests that actual body weight, not just weight change, is important for gonadotropin secretion. It is possible that a certain body condition (Whitman et al., 1975 ) is required before animals return to reproductive activity. Therefore, it may be possible to predict the onset of estrus or conception from body weight and(or) condition at parturition regardless of the diet. Those fed adequate crude protein maintained parturition weight, which was also the 150-d prepartum weight, until time of conception.
Neither prepartum weight nor weight loss (ADG) was correlated with the postpartum interval to first estrus, first service or pregnancy; however, postpartum body weight and weight change were correlated (negatively) with certain of these intervals. This suggests that the weight change during the postpartum peiod affects these intervals more adversely than weight change in the prepartum period. It may be possible to overcome the effect of prepartum crude protein deprivation by feeding adequate protein during the postpartum period. It must be noted, however, that the negative correlations for prepartum weight change and postpartum intervals were reasonably high, even though they were not significant. Additionally, Dunnet al. (1969) have shown that prepartum energy deficiency will reduce postpartum reproduction in beef cows.
Because of the trend for reduced growth rate in their calves, heifers fed the low-protein diet presumably produced less milk (Wiltbank et al., 1965; Bond and Wiltbank, 1970) . Slow growth rate of calves from protein-deprived cows also could have been due to permanent in utero growth retardation. The latter has been documented for protein-deprived laboratory animals (Zeman, 1967; Chow and Stephan, 1971) .
It was somewhat surprising that prepartum dietary crude protein deficiency did not alter birth weight, because energy deficiency will (Bellows and Short, 1978) . Our results appear conclusive, however, because intake was rigorously controlled by individual feeding for 150 d prepartum, and 19 animals were in each treatment group of the experiment. Williams (1980) found a similar effect from other protein-deprived cattle. In addition, deficiency of protein did not affect calving difficulty scores. This study is the first to show that a crude protein deficiency alone will reduce reproductive performance of beef cattle.
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